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[57] ABSTRACT

The present invention provides an end of arm tooling
device (EOAT) for a robotic arm. The present inven-
tion may be adjusted to modify the gripping force ex-
erted by the EOAT without a change of force by the

actuator. The present invention also provides an EOAT
- which can be adjusted to handle workpieces of varlous

dimensions and shapes.

8 Claims, 10 Drawing Figures
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1

FLEXIBLE PART—CENTERING PNEUMATIC
| GRIPPER

o FIELD OF THE PRESENT INVENTION

- The field of the present invention is that of end of arm
- tooling devices (EOAT) for robots. More particularly
- the field of the present invention is that of robotic grip-
'~ BACKGROUND OF THE INVENTION
. It is known to provide an EOAT to grip objects for

 robots. The common EOAT gripper has a linkage
- which 1s pivotally connected to a hydraulic or pneu-

- matic actuator. Prior to the present invention, a change

‘change in the force exerted by the actuator. The above
- mandates that the pneumatic or hydraulic system used
for powering the actuator have a variable pressure sys-

- tem, therefore requiring a pressure regulator to give the
~desired actuator pressure. It is desirable to provide an
. EOAT gripper whose gripping force may be modified
-~ without changing the actuator force.

- Another characteristic of EOAT grippers before the
_present invention is that most grippers are ideally suited

. to handle workpieces with regular polygonal cross

sectional areas within a rather limited dimensional ., 0piion will become more apparent to those skilled in

range. When changing dimensional sizes or changing
~ workpiece shape, it is usually required to design another
" EOAT gripper. Therefore, the robot must be supplied

 with the separate EOAT gripper whenever the work-
~ plece 1s dimensionally changed. It is destrable to pro-
-~ vide an EOAT gripper which can easily be adjusted to -
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2

with each of the mounting guides, a finger meludlng a
Jaw plate pivotally connected with each of the parallel

‘linkage members and a jaw adjustably mounted to the

Jaw plate, and an actuator link pivotally connected
5

between each of the parallel linkage members and the
flanged rod whereby movement of the rod causes the
fingers to grab and locate the workpiece with respect to
the rod.

It 1s st1ll yet another object of the present invention to
provide a method of changing the gripping pressure of
an adjustable workpiece centering EOAT gripper with
a plate having a plurality of slots and an actuator adja-

~ cent to the plate with a rod means extendible with re-

15

~ in the gripping force exerted by the gripper required a

20
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spect to the plate, the gripper being connected with a
robot arm to grip a workptece, the method including
locationally adjustably respectively fitting with the
slots of the plate a plurality of mounting guides, pivot-

ally connecting to the mounting guides a quadrangular

linkage member, pivotally connecting to each of the
quadrangular linkage members a finger, pivotally con-
necting with each of the quadrangular linkage members
and the rod means an actuator link, and adjusting the
location of the mounting guides on the plate whereby
the grlppmg force exerted upon movement of the rod

" means is adjusted.

30

- handle workpieces in a wider dimensional range. It is

- also desirable to provide an EOAT gripper which can
~be used on workpieces having various cross sectional

shapes, many of which do not have a regular polygonal
. Cross sectlonal area. |

- SUMMARY OF THE INVENTION

| To meet the above noted and other desu'es the pres-
~ ent invention is brought forth. The present invention
~ provides an EOAT gripper having quadrangular link-

. age members with pivotally attached fingers which may

- be locationally adjusted with respect to the extendible

-~ rod of the gripper actuator. Therefore the EOAT grip-

- per of the present invention may be readily adjusted to

change in the force exerted by the actuator. In its pre-

~  ferred embodiment, the present invention provides an
. EOAT gripper which can be easily modified to be uti--
- lized on objects of various dimensions and shapes
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Other objects, desires and advantages of the present

the art as the nature of the invention is better under-
stood from the accompanying drawings and a detailed

- description.

BRIEF DESCRIPTION OF THE DRAWINGS

"FIG. 1is a top sectional view with portions in top
elevation of a preferred embodiment of the present
invention taken along line 1—1 FIG. 2;

- FIG. 2 is a sectional view mainly in front elevation
with portions cut away taken along line 2—2 of FIG. 1;
FIG. 3 is a top elevational view of the plate 1llustrated

in FIG. 1;

FIG. 4 is a sectional view of an alternative embodi-

‘ment of the present invention taken along line 4—4 of

F1G. §;
FIG. § is a sectional view with portion cut away
taken along line S—35 of FIG. 4; | |
FIG. 6 1s a top elevational view of an alternative

' embodiment to the plate illustrated in FIG. 4;

- provide gripping forces of various amounts without a

50

thereby reducing or ehmmatmg the expense of custom

tooling a separate EOAT gripper for each of the sepa-

R - rate workpleces which the robot is handling.
| e It is an object of the present invention to provide an
o .-adj“St&ble EOAT gripper. It is another object of the

55
- of the embodiment shown in FIG. 9 with two of the

' present invention to provide a method of adjusting an

~ EOAT gripper as above described.

It is yet another object of the present invention to

o provide an adjustable workpiece centering end of arm

.+ tooling gripper adapted to be connected with a robot
. arm to grab a workpiece, the gripper including a plate
. having a plurality of slots, an actuator adjacent the plate

- ~having a flanged rod extendible with respect to the
- plate, a plurality of mounting guides locationally adjust-
~~ able respectively fitted with the slots of the plate by

* bolts, a parallel linkage ‘member pivotally connected

65

FIGS. 7 and 8 are schematic top elevational views
illustrating the location of the various linkage members
when holding workpieces with non regular polygonal
cross sectional areas;

FIG. 9 is a top sectional view taken along line 9——9 of
FIG. 10 of an alternative embodiment of the present
invention; and

FIG. 10 is a sectional view mamly in front elevation

linkage members removed for clarity of illustration.

DETAILED DESCRIPTION OF THE
DRAWINGS

Referring to FIGS. 1, 2 and 3, the adjustable work-
piece centering EOAT gripper 9 of the present inven-
tion has four principle parts. The first part 1s the actua-

~ tor 10 which will typically be a hydraulic or pneumatic

cylinder. The actuator 10 will usually be integral with

“or attached to the robot arm (not shown). The actuator

- 10 has a rod 12 means comprising a cylindrical shaft 14

along with a fixably attached plate or flange 16 at its
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end. Adjacent to the actuator 10 and usually fixably
connected thereto is the second major part, the plate 20.
The plate has a plurality of slots 22. As illustrated in
FIG. 3, the plate has three slots which project radially
towards the center line 18 of the rod 14. A hole 24 1s
provided for the shaft 14. Shaft 14 is extendible with
respect to the plate 20.

Locationally adjustably fitted with the slots 22 1s a
plurality of mounting guides 30, the third major part of
gripper 9. The mounting guide 30 includes hold down
bolts 32 so that the location of the mounting guide 30
can be adjusted with respect to slot 22 of the plate 20.
To move the mounting guide 30 the hold down bolts 32
are loosened, the mounting guide 30 is then moved to 1ts
new location.

The fourth major item of the gripper s the parallel
linkage finger assembly 40 which is pivotally connected
with the mounting guide at points 33. The end of the
parallel linkage members 42 opposite the plate 20 are
pivotally connected to the fingers 44. As shown In
FIGS. 1, 2 and 3 the fingers 44 include a jaw plate 46
pivotally connected to the parallel linkage members 42
and an adjustably mounted jaw 48. The location of the
jaw 48 with respect to the jaw plate 46 may be adjusted
by the loosening of adjustment bolts 47 and hnearly
adjusting the jaw to a new position with respect to the
jaw plate 46.

Each of the parallel linkage members 42 through a
pin and slot arrangement 50 is pivotally joined with the
rod plate 16. In operation (from the position illustrated
in FIG. 2) to open the fingers 44 in an outward direction
to pick up a hollow cylindrical workpiece, the finger-
tips 49 are first lowered into the workpiece. The rod
means 12 is then extended pushing the parallel linkage
members 42 in an outward direction. If it 1s desirable to
utilize the gripper to pick up a workpiece from the
outside diameter of the workpiece, the fingertips 49 are
placed to a position adjacent to the outside of the ob-
ject, the rod means 12 is then retracted causing the
fingertips 49 to grip the outside of the workpiece and to
locate the workpiece with respect to the rod means 12.

The pivotal connections of the parallel linkage mem-
ber 42 with the mounting guide 30 and the finger 44
form a parallelogram. Therefore, gripper 9 1s a parallel
motion gripper, meaning that the gripper fingers 44
always move in a parallel plane in relationship to one
another. However it is possible to utilize the present
invention in an angular gripper by replacing the paraliel
linkage members 42 with quadrangular linkage mem-
bers uneven in length. It is also apparent to those knowl-
edgeable in the art that the parallel linkage finger assem-
bly 40 may be made more sturdy by having dual parallel
linkage members 42 side By side as illustrated in FIG. 4
(item 41).

To adjust the gripper 9 to externally grip objects of a
greater diameter, the hold down bolts 32 are untorqued,
the mounting guides 30 are then moved in the slot and
the hold down bolts 32 are then retorqued with the
mounting guide 30 in its new position. A simpler
method to adjust the gripper 9 for workpieces of a
different diameter is to adjust the position of the jaws 48
in relation to the jaw plate 46. It will be apparent to
those familiar with the art that the movement of the
mounting guides 30 radially inward or outwardly from
the center line 18 of the rod will change the gripping
force exerted by the gripper 9. Therefore when desiring
to increase the gripping force exerted by the gripper 9
(when grabbing the outside diameter of the workpiece)
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the mounting guides 30 are moved outwardly and the
jaws 48 with relationship to the jaw plate 46, are moved
inward to retain the same gripping diameter (if desired).
An increase in gripping force can also be accomplished
by adjusting the jaws 48 inwardly so that the parallel
linkage members 42 are further from being perpendicu-
lar to the plate 20 (when contacting the workpiece) and
leaving the mounting guides 30 in the same position.

Still another manner that the force can be changed is by
adjusting the position of rod plate 16 on shaft 14 with

the two jaw nuts 53.

Referring to FIGS. 4 and 5, an alternative embodi-
ment gripper 11 has a rod plate 26 pivotally connected
with an actuator links 51. The actuator link 31 1s pivot-
ally connected with the parallel linkage members 41.
The gripping force of gripper 11 may be readily modi-
fied by adjusting the point of connection 43 of the actu-
ator link with the parallel linkage members 41 which are
provided with a plurality of adjustment apertures 4J.
Depending on space availability, actuator link 51 can be
extended with a series of apertures 52 allowing the
actuator link 51 to pivotally connect with parallel link-
age members 41 at various positions.

The gripping force (F) for gripper 11 assuming fric-
tional forces are negligible 1s:

P*S*Y

F =5

* |:cm I:arccc}s |:—(—-’D——(-—)—-C ns — (B*cos D :I:I +

Y
cot D :l

P =FIluid pressure into the actuator

S=Area of the actuator diaphragm (or piston)

A =Length between the pivot points of parallel link-

age member with the finger and mounting gude

B =Effective length of the actuator link

C=Radial distance from the rod plate pivotal attach-

ment with the actuator link to the pivot point of the
parallel linkage member with the mounting guide
when the mounting guide is at an innermost posi-
tion

X = Adjustment distance of the mounting guide from

its innermost position

Y =Length between the pivotal attachment of paral-

lel linkage member with the actuator link and
mounting guide

D =Angle of actuator link with respect with a line

perpendicular with the directional centerline of the
rod

N =Number of parallel linkage finger assemblies
The above equation is for a gripper with parallel linkage
members and plate slots which project radially towards
the rod centerline.

One advantage of gripper 11 is that the force F 1s
totally independent of the dimension E (thickness of the
jaw plate). Therefore the fingers can be lengthened or
shortened axially along centerline 18 without effecting
gripping force.

It will also be apparent to those skilled in the art that
the gripping force can be readily modified by pivotally
connecting actuator link 51 to a different aperture 13 of
rod plate 26.

The plate 21 (FIG. 4) has slots §7 in a geometric
pattern which allows for geometrically positioning
square or octagonal cross sectional pieces, or triangular
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and hexagonal pieces. When handling workpieee 60
with elongated rectangular cross sectional areas (FIG.

- 7 two of the linkage finger assemblies 66 are radially
adjusted outward to accommodate the larger dimension

- of the workpiece. An alternative to the plate illustrated
in FIG. 4 is shown 1n FIG. 6. Plate 27 has non-radially
- projecting slots 25 which are very useful when handling
- an irregular shaped workpiece 70 as shown in FIG. 8.

-Another alternative embodiment is shown in FIGS. 9

~ and 10. Plate 28 has four widened slots 37 which allow

. for more possible positions for the fingers. Sandwich

. plates 31 clamp on to plate 28 with hold down bolts 32.
~ ~Rod 36 has a rod plate 17 with a series of grooves 93.
-~ Connector piece 15 attaches actuator link 91 with rod
- plate 17. Bolt 29, fitted within groove 93, adjustably

‘attaches connector piece 15 with the rod plate 17.
- The present invention provides a method of changing
~the gripping pressure of an adjustable workpiece center-

~ing EOAT gripper 11 with a plate 21 having a plurality
-~ of slots and an actuator 10 adjacent to the plate with a

4,697,839
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- arm to grab a workpiece, said gripper in combination

10

15

20

rod means 63 extendible with respect to the plate 21, the

gripper 11 being connected with a robot arm to grip a

o workpiece, the method including the following steps:

1 Locationally adjustably respectively fitting within
- the slots 57 of the plate 21 a plurality of meuntmg
guides 64;

2 Pwotal]y connectlng to the meuntrng gmdes 64

- parallel linkage members 41;

. ‘3. Pivotally connecting to each of the parallel linkage

members 41 a finger 66;
4. Pivotally connecting with. each of the paralle] link-

. age members 41 and said rod means 63 an actuator
“hink . 51; and

5 Adjustlng the lloeatlon of said mountmg guldes 64

“on said plate 21 whereby the gripping forces ex-

erted upon movement of- sald rod means 63 are

adjusted. | |
-~ While a few of the embodiments of the present inven-
tion have been explained it will be readily apparent to

o ~.those skilled i the art of the various modifications
~ which can be made to the present invention without

S departmg from the spirit and scope of this appheatmn as
‘1t is encompassed by the following claims. |
" 'The embodiments of the invention in which an exclu-
 sive pr0perty or pnvrlege is clalmed are deﬁned as

= - follows:

1. An adjustable workpleee centering end of arm
| toohng gripper adapted to be connected with a robot
arm to. grab a workpleee, said gripper in combination

. "cempnsmg

a plate having a plurality of slots;

an actuator adjacent said plate having rod means-

" extendible with respect to said plate;

o a plurahty of mounting guides locationally ad_]ustably ;

- respectively fitted with said slots of said plates;
a quadrangular linkage member pivotally connected
" with each of said mounting guides and being pivot-
- ally and slotably connected with said rod means;

comprising:
~a plate having a plurality of slots;
an actuator adjacent said plate having rod means
. extendible with respect to said plate;
a plurality of mounting guides locationally adjustably
respectively fitted with said slots of said plate;
~ a quadrangular linkage member pivotally connected
with each of said mounting guides;
a finger pivotally connected with each of said qua-
drangular linkage members; and
an actuator link pivotally connected between each of
said quadrangular linkage members and said rod
- means whereby movement of said rod means
causes said fingers to grab and locate the work-
piece with respect to said rod means.
4. A gripper as described in claim 3 wherein said

- quadrangular linkage member, said mounting guide and

sald finger pivotal connections form a parallelogram.
5. A gripper as described in claim 3 wherein at least
one of said slots in said plate extends in a nonradial

- fashion with respect to said rod means.

25
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6. A gripper as described in claim 3 wherein said
finger includes a jaw plate pivotally connected with
said quadrangular linkage member and a jaw ad_]ustably

- mounted to said jaw plate.

7. An adjustable workpiece centering end of arm
tooling gripper adapted to be connected with a robot
arm to grab a workpiece, said gripper in combination
comprising: -

a plate having a plurality of slots;

“an actuator adjacent said plate having a ﬂanged rod
extendible with respect to said plate; |

a plurality of mounting guides locationally adjustably
- respectively fitted with sa.ld slots of said plate by
bolts; -

-a parallel linkage member pivotally connected wrth_
each of said mountlng guides;

a finger including a jaw plate pivotally cennected
with each said parallel linkage members and a jaw

- adjustably mounted to said jaw plate; and

an actuator link pivotally connected between each of
 said parallel linkage members and said flanged rod
- whereby movement of said rod causes said fingers
to grab and locate the workplece with respect to-

~ said rod. |
8. A method of changing the gripping pressure of an
adjustable workpiece centering EOAT gripper with a
plate having a plurality of slots and an actuator adjacent

- to said plate with a rod means extendible with respect to
~ said plate, said gripper being connected with a robot

55

~ a finger pivotally connected with each of said qua-

‘drangular linkage members whereby movement of 60

~said rod means causes said fingers to grab and lo-
“cate the workpiece with respect to said rod means.
C2.A gripper as described in claim 1 wherein said

L quadrangular lmkage member, said mounting guide and
. said finger pivotal connections form a parallelogram.

3. An adjustable workpiece centering end of arm

6>

A 'tOQlingi gripper adapted to be connected With a robot

arm to grab a workplece said method in eomblnatlon |
- comprising:

leeatlonally adjustably reSpectwely ﬁttlng with said
- slots of said plate a plurality of mounting guides;
pivotally connecting to said mounting guides a qua-

drangular linkage member; |

pivotally connecting to each said quadrangular hnk- ;

age members a finger;
pivotally connecting with each of said quadrangular |
linkage members and sald rod means an actuator
link; and
ad_]ustlng the location of said meuntlng guldes on said
plate whereby the gripping force exerted upon

movement of said rod means is adjusted.
S * *x % ¥ |
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